Proteomics study of oxidative stress and Src kinase inhibition in H9C2 cardiomyocytes: a cell model of heart ischemia-reperfusion injury and treatment.
Protein phosphorylation plays a crucial role in the signal transduction pathways that regulate gene expression, metabolism, cell adhesion, and cell survival in response to oxidative stress. In this study, we have used hydrogen peroxide treatment of H9C2 rat cardiomyocytes as a model of oxidative stress in heart ischemia-reperfusion injury. We show that oxidative stress induces a robust tyrosine phosphorylation of multiple proteins in this cell type. A phosphoproteomics approach using anti-phosphotyrosine affinity purification and LC-MS/MS was then used to identify the protein targets of this stress-induced phosphorylation. Twenty-three tyrosine-phosphorylated proteins were identified, with the majority known to be associated with cell-cell junctions, the actin cytoskeleton, and cell adhesion. This suggested that oxidative stress may have a profound effect on intercellular connections and the cytoskeleton to affect cell adhesion, morphology, and survival. Importantly, Src kinase was shown to be a major upstream regulator of these events. Immunofluorescence studies, fluorescence-activated cell sorting, and cell-based assays were used to demonstrate oxidative stress-induced modification of cell adhesion structures and the cytoskeleton, induced de-adhesion, and increased apoptosis, which were reversed by treatment with the Src kinase inhibitor PP1. These data demonstrate the critical role of Src kinase in oxidative stress-induced phosphorylation and cell damage in cardiomyocytes and suggest that targeting this kinase may be an effective strategy for preventing ischemia-reperfusion injury in the heart.